ABSTRACT Background: Synergistic or additive effects or both on cardiometabolic risk may be missed by examining individual fatty acids (FAs). A pattern analysis may be a more useful approach. In addition, it remains unclear whether erythrocyte FA composition relates to insulin resistance among Hispanics/Latinos. Objective: We derived erythrocyte FA patterns for a Puerto Rican cohort and examined their association with diet and insulin resistance in cross-sectional and prospective analyses. Design: At baseline, principal components analysis was used to derive factor patterns with the use of 24 erythrocyte FAs from 1157 participants of the Boston Puerto Rican Health Study (aged 45-75 y). Dietary intake was assessed with a validated semiquantitative food-frequency questionnaire. The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated at baseline and at the 2-y follow-up. Relations between FA patterns and HOMA-IR were analyzed in a sample of 922 participants with available data. Results: Five FA patterns were derived, differentiated by 1) relatively high de novo lipogenesis (DNL) FAs and low n-6 (v-6) FAs, 2) high very-long-chain saturated FAs, 3) high n-3 (v-3) FAs, 4) high linoleic acid and low arachidonic acid, and 5) high trans FAs. The DNL pattern was positively correlated with sugar and inversely with n-6 and monounsaturated FA intakes. Only the DNL pattern was positively related to baseline HOMA-IR [adjusted geometric means (95% CIs) for quartiles 1 and 4: 1.72 (1.58, 1.87) and 2.20 (2.02, 2.39); P-trend , 0.0001]. Similar associations were observed at 2 y, after adjustment for baseline status [quartiles 1 and 4 means (95% CIs): 1.61 (1.48, 1.76) and 1.84 (1.69, 2.00); P-trend = 0.02]. These results remained consistent after the exclusion of participants with diabetes (n = 485). Conclusion: Our findings suggest that upregulated DNL associated with a diet high in sugar and relatively low in unsaturated FAs may adversely affect insulin sensitivity in a Hispanic/Latino cohort. Am J Clin Nutr
INTRODUCTION
Insulin resistance is a key risk factor for the major chronic diseases of the developed world, including diabetes (1) and cardiovascular disease (CVD) 6 (2) , and is thought to be the primary etiologic driver of the co-occurrence of these diseases associated with obesity (3) . Tissue fatty acid (FA) composition is a complex reflection of metabolism, dietary FA intake, and de novo lipogenesis (DNL), the latter referring to the endogenous synthesis of SFAs and MUFAs. Most previous studies of the relation between FA biomarkers and insulin resistance (4) (5) (6) (7) (8) (9) (10) and/or diabetes (5, (9) (10) (11) (12) (13) (14) (15) have concentrated on individual FAs. Although such examinations have moved this area of research forward by shedding light on potentially modifiable FA targets for the prevention of or improvement in insulin resistance, they are limited because FAs are interrelated and correlated. FA composition is expressed as a percentage of total FAs, such that as the proportion of 1 FA increases others decrease, which may occur in a manner dependent on the FA pool and the specific FA that is modulated (16) . In addition, FAs may be precursors or products linked through well-defined metabolic pathways (e.g., DNL). Important synergistic and/or additive effects may be missed by examining single FAs, a limitation that a pattern analysis approach should overcome.
Pattern analysis techniques, such as principal components analysis (PCA), have been used extensively in the field of nutritional epidemiology to identify unique dietary patterns found to be relevant to metabolic risk factors and chronic disease risk (17, 18) . A handful of studies have applied such techniques to FA biomarker data (19) (20) (21) (22) (23) (24) and identified various patterns, including those consistent with relatively high intakes of n-3 and trans FAs, but most were conducted in cohorts primarily composed of European descent. The relation of these FA patterns to mediators of chronic disease, specifically insulin resistance, is uncertain. We know of no study that has identified FA biomarker patterns among Hispanics/Latinos, the largest and fastest growing racialethnic group in the United States, which is projected to reach 29% of the population by 2050 (25) . In particular, Puerto Ricans have a more adverse metabolic risk profile than do other Hispanic/ Latino groups, with a greater prevalence of multiple risk factors (hypercholesterolemia, hypertension, obesity, diabetes, and smoking) (26) . Characterizing the erythrocyte membrane FA composition in Puerto Ricans and understanding its relation to dietary intake and insulin resistance may help to identify potential therapeutic targets to reduce the risk of chronic disease. Therefore, our objectives were to derive erythrocyte FA patterns in a cohort of mainland Puerto Ricans using PCA and to relate these patterns to dietary FA intake and insulin resistance.
METHODS

Study population
Data are from participants in the Boston Puerto Rican Health Study, an ongoing prospective cohort investigating the sociologic, environmental, and genetic risk factors for chronic diseases and quality of life in Puerto Rican adults living in the greater Boston, Massachusetts, area. As described elsewhere (27) , 1500 individuals aged 45-75 y were recruited from 2004 to 2009 to participate in the study. Participation rates and reasons for refusal to participate were reported previously (27) . Information from the 2000 Census identified tracks with at least 25 Puerto Rican adults and, within these, we randomly selected census blocks of $10 Hispanic adults, which were enumerated by home visit to identify eligible participants. Participants included those who self-identified as Puerto Rican and who used either English or Spanish as their primary language.
A total of 1241 participants had baseline data available for erythrocyte FA composition, age, sex, BMI, physical activity score, education, medical history (e.g., self-reported heart disease), smoking status, and food-frequency questionnaire information (28) . Fifty-seven participants were excluded for implausible energy intakes (,600 or .4800 kcal/d) (29) . An additional 27 participants were excluded for outlying values if any 1 of the 24 erythrocyte FAs was greater than or equal to the product of 5 times the group SD for that FA. A total of 1157 individuals were retained for the PCA. For prospective analyses, we retained those participants with baseline and 2-y follow-up [median (25th-75th percentile): 2.02 y (1.96-2.16)] values for fasting blood glucose and insulin for the calculation of the HOMA-IR (n = 922). The protocol for this study was approved by the institutional review boards at Tufts Medical Center, Northeastern University, and the University of Massachusetts Lowell. Written informed consent was obtained from all participants.
Erythrocyte FA composition and PCA Participants were asked to fast for 12 h preceding the blood draw, which was obtained in-home by a certified phlebotomist. Blood was centrifuged at 3421 3 g at 48C for 15 min to obtain plasma and the erythrocyte pellet, and aliquots of each were stored at 2708C for later use (27) . As described elsewhere (30) , erythrocyte FA composition was assessed by gas chromatography with flame ionization detection (GC2010; Shimadzu Corporation) at the baseline visit. Individual FAs were expressed as a percentage of total identified FAs. A total of 24 FAs were examined, which were present at .0.1% of total FAs that were clearly resolved from other FAs by the gas chromatography column under these conditions (Supplemental Table 1 ). CVs of the FAs ranged from 0.9% to 23.1% (Supplemental Table 1 ).
Empirically derived erythrocyte FA patterns, with the use of 24 individual FAs, were derived by PCA (by using the factor procedure in SAS). Factors were orthogonally rotated by using the varimax option to maximize explanatory power and to produce uncorrelated factors (principal components). To determine the number of factors to retain, we initially selected 3-8 factor solutions. Scree plots, eigenvalues, and individual factors were inspected for interpretability (17) from which we decided to retain a 5-factor solution. A factor score for each of the 5 factors was calculated by summing the FAs weighted by the loadings of each FA.
Insulin resistance
Fasting blood samples were obtained at baseline and the 2-y follow-up (27) . Serum glucose and insulin values were analyzed by using the Olympus AU400e (Olympus America) and Immulite 1000 (Seimens Medical Solutions Diagnostics), respectively. Glycosylated hemoglobin was analyzed by using the Roche Unimate HbA1c kit (Roche Diagnostics). The HOMA-IR was calculated at baseline and at the 2-y follow-up from paired fasting glucose and insulin values by using the HOMA calculator version 2.2.3 (University of Oxford, United Kingdom) (31, 32) . HOMA is a widely used mathematical model that calculates the physiologic glucose-insulin feedback system and correlates highly with euglycemic clamp studies in populations with and without diabetes (32) (33) (34) .
Dietary intake
Self-reported dietary intake from the previous 12 mo was obtained by trained interviewers with a semiquantitative foodfrequency questionnaire that had been modified and validated for use in the Puerto Rican population (28, (35) (36) (37) . Nutrient consumption was determined by using the Nutrient Data System for Research software (NDS-R version 2007; Nutrition Coordinating Center). Frequencies of intake were converted to gram amounts, and foods were grouped into 34 categories on the basis of similarity of nutrient content (38) 
Other covariates
Medical, sociodemographic, and health behavior information was self-reported by using an interviewer-administered questionnaire and included age, sex, high school educational attainment, medical history, current smoking status, alcohol consumer status, and medication use. Those who presented with a baseline fasting blood glucose $126 mg/dL or glycosylated hemoglobin $6.5%, or who were taking an antihyperglycemic medication, were classified as having diabetes. Antihyperglycemic medications included insulin, metformin, and other oral medications for diabetes. Participants were categorized as having heart disease if a doctor had ever told them that they had a heart attack, heart disease, or stroke. As previously used in an elderly Puerto Rican population (39) , physical activity was assessed by a modified Paffenbarger questionnaire from the Harvard Alumni Activity Survey (40, 41) . A physical activity score was calculated as the sum of hours spent on typical 24-h activities multiplied by weighting factors that parallel the rate of oxygen consumption associated with each activity.
Statistical analysis
All analyses were conducted with SAS version 9.4 (SAS Institute), and a significance level of P , 0.05 was applied. We log e -transformed HOMA-IR at baseline (HOMA-IR baseline ) and at the 2-y follow-up (HOMA-IR 2-y ) because distributions were skewed. Partial Pearson correlation coefficients, adjusted for age, sex, and total energy intake, were calculated for the relation between daily nutrient intakes (% of energy) of individual FAs and the factor scores for each FA pattern. The strength of association between food groups (g/d) and each pattern factor score was determined by using Spearman correlation coefficients, adjusted for age, sex, and total energy intake. Spearman correlation coefficients were used because the majority of food groups had skewed distributions, whereas nutrient intakes (% of energy) were normally distributed. Age-, sex-, and total energy-adjusted DNL pattern factor scores by total and addedsugar categories (quintiles) were obtained by using ANCOVA (proc glm). Linear trend analyses were conducted by treating quintiles of total or added sugar as continuous variables.
We used ANCOVA to determine the relation between each factor, expressed in quartiles, and HOMA-IR baseline and HOMA-IR 2-y in cross-sectional and prospective analyses, respectively. Geometric means and 95% CIs for HOMA-IR values are presented for all analyses. Tests for linear trend were conducted by treating each factor (quartile) as a continuous variable. Crosssectional analyses helped to guide prospective analyses (i.e., to identify which factors to further investigate in relation to HO-MA-IR 2-y ). Factor 1, the DNL pattern, was significantly related to HOMA-IR baseline , and in subsequent prospective models we examined only relations with factor 1. Models were adjusted for the following: 1) age, sex, and BMI and, for prospective models only, time between visits; 2) model 1 plus high school education, current smoker, current alcohol consumer, and physical activity score; 3) model 2 plus antihyperglycemic and antihyperlipidemic medication use; and 4) for prospective models only, model 3 plus HOMA-IR baseline . The final prospective model 4 holds baseline HOMA-IR constant, such that change in HOMA-IR during the follow-up period can be interpreted. We conducted several sets of sensitivity analyses. Fully adjusted cross-sectional (model 3) and prospective (model 4) models were repeated after excluding those taking antihyperglycemic medications at baseline (n = 298, 32%) and follow-up (n = 363, 39%), respectively. In addition, analyses were conducted after excluding 485 (53%) participants considered to have diabetes at baseline. These sets of sensitivity analyses were not adjusted for baseline antihyperglycemic medication use. In addition, we adjusted prospective model 4 for changes in absolute weight (kg) during the 2-y follow-up. Most, but not all, participants had weight available at follow-up (n = 910, 98%).
In exploratory analyses, we tested whether the relation between factor 1 (quartiles) and HOMA-IR 2-y (continuous) was modified by the other factors (median split) by including an interaction term to model 4 (e.g., factor 1 quartiles 3 factor 2 dichotomous). Furthermore, we explored whether the relation between factor 1 and HOMA-IR baseline and HOMA-IR 2-y would be attenuated by accounting for differences in intakes of nutrients correlated with the factor 1 pattern. Parameter estimates (b 6 SE), interpreted as the relation between a 1-quartile change in factor 1 on log e HOMA-IR, were examined to understand the impact that adjustment of specific nutrients has on effect estimate sizes.
RESULTS
Five unique erythrocyte FA patterns were identified by using PCA ( Table 1) . Factor 1, the DNL pattern, was characterized by higher relative abundance of long-chain (14-18 carbons) DNL FAs and lower proportions of primarily very-long-chain (VLC; $20 carbons) n-6 PUFAs. Factor 2 was named the VLC SFA pattern for loading primarily and positively onto these FAs. The n-3 FA (factor 3) and trans FA patterns were named for loading positively on individual FAs of these specific FA classes. Factor 4, the linoleic acid (LA) pattern, was characterized by higher relative amounts of LA (and its FA metabolic products) and lower arachidonic acid (and its FA metabolic products).
The DNL pattern was positively correlated with total and added-sugar and total energy intakes and negatively with MUFA and PUFA intakes ( Table 2) . In complementary analyses adjusted for age, sex, and total energy, total (P-trend , 0.0001) and added (P-trend = 0.001) sugars were associated with greater DNL pattern factor scores ( Figure 1 ). This pattern was related to higher consumption of foods such as sweetened beverages and soft drinks, which are major contributors of sugar to the diet (Supplemental Table 2 ). The VLC SFA pattern was positively correlated with estimated arachidonic acid consumption and with intakes of starchy vegetables and reduced-fat dairy products. The n-3 pattern correlated positively with dietary n-3 PUFA intake and major food sources of these FAs (e.g., fish). The trans FA pattern correlated with the intake of total trans FAs and foods containing trans fats at the time these data were collected, such as sweet baked goods. The LA pattern was negatively correlated with the intake of SFAs and positively with the intake of n-3 PUFA. This pattern was also positively correlated with intakes of beans and legumes, French fries, nuts and seeds, and fish.
At baseline, the DNL pattern was associated with a higher prevalence of current smokers, lipid-lowering medication use, and diabetes (Table 3) . No baseline sample characteristics were significantly associated with the VLC SFA pattern. The n-3 pattern was positively related to age, history of heart disease, and antihyperlipidemic medication use and negatively to current smoking. The LA pattern was associated with a lower prevalence of antihyperlipidemic and antihyperglycemic medication use and diabetes. The trans FA pattern was inversely related to current alcohol consumption and current smoking and positively with female sex.
In cross-sectional multivariable-adjusted models, only the DNL pattern was significantly and positively associated with HOMA-IR (model 3; P-trend , 0.0001) ( Table 4 ). This strong 
1 Values are partial Pearson correlation coefficients adjusted for age, sex, and total energy. n = 1157. All correlations presented were significant (P , 0.05) and those greater than the absolute value of 0.12 have P values ,0.0001. DNL, de novo lipogenesis; FA, fatty acid; LA, linoleic acid; VLC, very-long-chain. 2 Not adjusted for total energy.
FIGURE 1
Relation between daily total and added-sugar consumption and erythrocyte DNL fatty acid pattern factor score (n = 1157). Bars represent mean 6 SEM factor scores for the DNL erythrocyte fatty acid pattern adjusted for age, sex, and total energy and stratified by daily total and addedsugar quintiles (% of energy). Adjusted values were obtained by using AN-COVA (proc glm; SAS Institute). Linear trend analyses were conducted by treating quintiles of total or added sugar as continuous variables. Unstratified means 6 SEMs are 0.0 6 0.03 for the DNL pattern factor score, 20.2% 6 0.23% for total sugar (% of energy), and 10.7% 6 0.19% for added sugar (% of energy). Mean (5th-95th percentile) values of total sugar by increasing quintile are as follows: 10.6% (6.4-13.3%), 15 Consistent with cross-sectional analyses, the DNL pattern at baseline was prospectively significantly and positively associated with HOMA-IR 2-y in the basic model (model 1; P-trend , 0.0001). This relation remained significant after accounting for HOMA-IR baseline (model 4; P-trend = 0.02), suggesting that this pattern predicted increasing insulin resistance during the 2-y follow-up ( Table 5) . Adjustment for change in weight (mean 6 SD: 0.20 6 5.7 kg) did not alter our results (data not shown). Moreover, the DNL pattern remained significantly related to HOMA-IR 2-y after excluding those individuals who reported the use of antihyperglycemic medication at baseline or at 2-y (n = 363) (P-trend = 0.01) or those classified as having diabetes at baseline (n = 485) (P-trend = 0.01) ( Table 5 ). Furthermore, there was no evidence that the relation between the DNL pattern and HOMA-IR 2-y was modified by the other FA patterns (Pinteraction . 0.05 for all).
We next determined whether the relation between the DNL FA pattern and HOMA-IR was attenuated by adding dietary intakes of total sugars, n-6 or n-3 PUFAs, or MUFAs to the model. In cross-sectional models, parameter estimates, interpreted as the change in log e HOMA-IR per quartile change in DNL pattern factor score, were marginally attenuated (1.3-4.0% lower) than the fully adjusted models without these dietary covariates (prospective model 4), but the relation remained significant. For example, parameter estimates were reduced by 4% from 0.075 6 0.018 (b 6 SE, model 4; P , 0.0001) to 0.072 6 0.018 (Ptrend , 0.0001) after adjustment for MUFA intake. In longitudinal analyses, compared with prospective model 4 (0.043 6 0.018; P-trend = 0.02), parameter estimates were attenuated by 16.3% for total sugars (P-trend = 0.046), 23.3% for n-6 PUFAs (P-trend = 0.07), 11.6% for MUFAs (P-trend = 0.03), 9.3% for n-3 PUFAs (P-trend = 0.03), and 25.6% for the combination of total sugars, n-6 PUFAs, and MUFAs (P-trend = 0.08).
DISCUSSION
In a cohort of older US mainland Puerto Ricans, we identified unique erythrocyte FA patterns using PCA: the DNL, VLC SFA, n-3 PUFA, LA, and trans FA patterns. The DNL pattern, which positively and negatively correlated with total sugar and unsaturated FA intakes, respectively, was associated with a greater degree of insulin resistance in both cross-sectional and prospective analyses. These findings remained robust after excluding antihyperglycemic medication users or those classified as having diabetes.
Mounting evidence suggests that individual DNL FAs modulate the risk of diabetes and CVD, which are sequelae of insulin resistance. Few studies, however, examined the prospective relation between DNL FAs and insulin resistance (9) . In a study in diabetes-free Finish men, baseline erythrocyte stearic and palmitoleic acids were related to greater insulin resistance at the 5-y follow-up; and palmitoleic acid predicted incident diabetes (9) . In a large prospective study in 3004 diabetes-free Medicare beneficiaries, plasma phospholipid palmitic, palmitoleic, and stearic Values are means 6 SDs or proportions (frequency) by factor score extreme quartile. n = 922. ANOVA and chi-square tests were used to determine group differences. **P , 0.0001,*P , 0.05,
, 0.1. DNL, de novo lipogenesis; FA, fatty acid; LA, linoleic acid; Q, quartile; VLC, very-long-chain. 2 Diabetes was defined as taking antihyperglycemic medication, fasting glucose $126 mg/dL, or glycosylated hemoglobin $ 6.5%. 3 Antihyperglycemic medications included insulin. Baseline insulin use was reported by 97 (10.5%) participants.
ERYTHROCYTE FATTY ACID PATTERNS AND HOMA-IR acids were positively related to HOMA-IR in cross-sectional analyses (10) . Of these, only palmitic and stearic acids were associated with a higher risk of diabetes (10) . Interestingly, after adjustment for baseline HOMA-IR, triglycerides, and total to HDL-cholesterol ratio, only palmitic acid remained significantly related to diabetes, although the effect size was modestly attenuated. In both of the aforementioned studies (9, 10), stearic acid was related to greater insulin resistance. In contrast, this FA loaded negatively onto our DNL pattern, suggesting that, in the context of the other DNL-pattern FAs, it contributes to a protective effect. This is somewhat consistent with data from a casecontrol study in English participants (14) , which found that plasma phospholipid stearic acid was related to lower odds of diabetes. A limited number of other smaller studies reported that individual DNL FA biomarkers were related to greater insulin resistance (4, 6, 7), but these used cross-sectional designs and reported unadjusted correlations. The DNL pattern also contained strong inverse loadings for several n-6 PUFAs, specifically eicosadienoic, arachidonic, and docosatetraenoic acids. Among diabetes-free Finnish men, erythrocyte arachidonic acid was not associated with 5-y insulin resistance (9) , which is consistent with findings from crosssectional studies (4, 6, 7) . Eicosadienoic and docosatetraenoic acids have not been widely examined for their association with insulin resistance.
Of the few biomarker FA pattern analysis studies available (19) (20) (21) (22) (23) (24) , several related such patterns to mediators of chronic disease risk, including the metabolic syndrome (19) , aortic stiffness (20) , central adiposity (22) , and dyslipidemia (23) . In a cohort of Swedish men (19) , a serum cholesteryl ester FA pattern loaded positively onto palmitic and palmitoleic acids, among others, and negatively onto LA, a precursor FA to eicosadienoic, arachidonic, and docosatetraenoic acids; this pattern related to higher 20-y incidence of the metabolic syndrome. More recently, in a large prospective US cohort study in 2972 adults of primarily European descent (80%), researchers identified a plasma phospholipid FA pattern consistent with upregulated DNL, characterized by high myristic, palmitic, palmitoleic, oleic, and g-linoleic acids and low stearic acid (23) . This pattern was positively correlated with baseline triglycerides Values are adjusted geometric means (95% CIs) obtained by using ANCOVA (proc glm; SAS Institute). n = 922. Linear trend analyses were conducted by treating the DNL pattern factor score quartile as a continuous variable. DNL, de novo lipogenesis; Q, quartile. Models were adjusted for model 3 covariates, except for baseline antihyperglycemic medication use. 4 Excluded participants who reported antihyperglycemic medication use at baseline or at follow-up (n = 298). 5 Excluded participants categorized as having diabetes at baseline (n = 485). Values are adjusted geometric means (95% CIs) obtained by using ANCOVA (proc glm; SAS Institute). n = 922. Linear trend analyses were conducted by treating the DNL pattern factor score quartile as a continuous variable. Other fatty acid patterns (factors) were not significantly associated with HOMA-IR (P-trend . 0.05), and data are not presented. DNL, de novo lipogenesis; Q, quartile. 2 Model 1 adjusted for age, sex, and BMI; model 2 adjusted for variables as in model 1 plus high school education, physical activity score, current smoker, and current alcohol consumer; model 3 adjusted for variables as in model 2 plus antihyperglycemic and antihyperlipidemic medications. 3 Models were adjusted for model 3 covariates, except for baseline antihyperglycemic medication use. 4 Excluded participants who reported antihyperglycemic medication use at baseline or at follow-up (n = 298). 5 Excluded participants with diabetes at baseline (n = 485).
and HDL cholesterol and inversely with LDL cholesterol, but it did not predict 14-y incidence of CVD. On the basis of the few studies available (19-21, 23, 24) , a DNL pattern has been derived with some consistency in cohorts composed primarily of participants of European descent and with the use of FA biomarkers from serum and plasma. We extend this finding to a cohort of mainland Puerto Ricans using erythrocyte FA composition. Although biomarker FA patterns have been related to several mediators of chronic disease risk (19) (20) (21) (22) (23) and CVD (23) we were unable to identify another study that examined prospective relations with insulin resistance.
Previous biomarker FA pattern studies also identified n-3 PUFA (19) (20) (21) (22) (23) (24) and trans FA (22) (23) (24) patterns; however, we did not find evidence to support that these patterns influence insulin resistance. Several reasons may partly explain these observations. The n-3 PUFA concentrations were quite low in our cohort, which may have limited our ability to detect relations with HOMA-IR. For example, the omega-3 index (sum of EPA and DHA in erythrocyte membranes) was 4.4%, as opposed to 5.6% reported in the Framingham Offspring cohort (30) . Furthermore, this value is much lower than that considered to be cardioprotective (i.e., .8%) (42) . It is also notable that, in another US cohort, an n-3 pattern did not predict 14-y incidence of CVD (23) . Biomarker trans FA patterns have been related to incident CVD (23) and central adiposity (22) . In our cohort, the range of erythrocyte trans FAs was relatively narrow (90% of values between 0.8% and 2.0%) and lower than that seen in the Framingham Offspring cohort (1.3% compared with 2.7%) (43) , making it difficult to draw firm conclusions. Of note, the data on a potential relation between trans FAs and insulin resistance is inconclusive and limited (44, 45) .
Our results suggest that either upregulated DNL or low concentrations of n-6 PUFAs or both may influence insulin resistance. In a meta-analysis of biomarker FAs, a protective association was observed between n-6 PUFA concentrations and heart disease (46), a finding supported by other observational studies and randomized controlled trials that showed an inverse relation between n-6 PUFA consumption and CVD risk (47) .
DNL has been shown to be stimulated by high carbohydrate intake and is more sensitive to sugar consumption than to complex carbohydrates (48) . In a key 6-wk controlled-feeding study, a low-fat diet (17% of energy) that was higher in total sugar (158 g, w31% of energy) compared with a moderate-fat diet (34% of energy) that was lower in total sugar (95 g, w20% of energy) resulted in a significantly greater increase in erythrocyte DNL FAs, including myristic, stearic, palmitoleic, and oleic acids (49) . This is consistent with our observation that total sugar intake was positively related to the DNL pattern. However, this finding is tempered by the relatively weak correlation between dietary sugars and the DNL pattern (r = 0.12). We also found that PUFAs, in particular n-6 PUFAs, and MUFAs were negatively related to the DNL pattern. In cross-sectional analyses, adjustment for these factors slightly attenuated but did not reduce the significance of our results. In prospective analyses, the greatest reduction in the effect estimate of the relation between the DNL pattern and HOMA-IR 2-y was seen after adding the combination of total sugar, n-6 PUFA, and MUFA intakes to the model (225.6%). Further research is needed to better understand the importance of dietary as well as lifestyle, environmental, and genetic factors, and their interactions with tissue FA patterns.
Strengths of the study include the use of an objective biomarker of FA status, erythrocyte FA profiles. The study was conducted in a relatively large and understudied population with repeated measures of insulin resistance. Although our findings remained consistent after excluding those with diabetes, reverse causation is a concern. Erythrocyte FA status was only available at baseline and it is possible that FA composition changed during the follow-up period, consequent to insulin resistance. Residual confounding may exist, although many potential confounders and several sensitivity analyses were conducted. Furthermore, due to the observational nature of our study, we cannot draw causal inferences.
In conclusion, among older mainland Puerto Ricans, PCA revealed 5 unique erythrocyte FA patterns. An FA pattern characterized by an abundance of DNL FAs and low concentrations of n-6 PUFAs was associated with high dietary sugar and low n-6 PUFA intakes. This pattern was associated both with greater insulin resistance at baseline and with worsening insulin resistance over a 2-y follow-up period, highlighting the potential synergistic relation between DNL and low biological concentrations of n-6 PUFAs. These results suggest a pathway for a negative effect of high-sugar and low-unsaturated-fat diets on insulin resistance. Further studies are needed to both replicate these results and to further elucidate the mechanisms involved.
